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Purpose: Sarcomas are aggressive mesenchymal malignancies with
high recurrence rates and poor prognosis, particularly in advanced,
metastatic stages where conventional therapies have been
exhausted. Fibroblast activation protein (FAP), highly expressed in
the tumor microenvironment of sarcomas, presents a promising
theranostic target. This study aimed to evaluate the safety and
efficacy of 7”Lu-FAPI-2286 radioligand therapy (RLT) in patients
with advanced metastatic sarcoma and to compare the diagnostic
utility of ®®Ga-FAPI-46 PET/CT with '®F-FDG PET/CT in these
patients.

Methods: This single-center exploratory study enrolled 6 patients
(median age, 29 y) with histologically confirmed treatment-refractory
metastatic sarcoma. All patients underwent baseline ®*Ga-FAPI-46
and ®F-FDG PET/CT, followed by 2 to 4 cycles of '””Lu-FAPI-2286
(3.7-7.4 GBq per cycle). Organ-level dosimetry was performed using
serial planar and SPECT/CT imaging. Treatment response was eval-
uated using PET response criteria in solid tumors (PERCIST), and
toxicity was graded according to CTCAE v5.0. Quantitative image-
derived metrics, including the standardized uptake value (SUV),
metabolic tumor volume (MTV), total lesion glycolysis (TLG), FAP
expression tumor volume (FTV), total lesion FAP expression (TLF),
and tumor-to-liver ratio (TLR) were extracted.

Results: On the basis of the quantitative imaging data from the 6
sarcoma patients, there was no statistically significant difference
between °8Ga-FAPI-46 and 'SF-FDG across the measured
parameters (SUV nean, SUViax, MTV/ETV, TLG/TLF, and TLR).
However, 'F-FDG showed slightly higher MTVs. RLT was well-

tolerated, with no grade >3 treatment-related toxicities observed.
Adverse events were limited to low-grade hematological toxicities,
including grade 2 leukopenia (n=1), grade 1 anemia (n=2), and
grade 1 thrombocytopenia (n =1). Among 6 patients, 3 died due to
disease progression before follow-up imaging could be completed.
Among the 3 evaluable patients, one patient showed a mixed
response pattern with metabolic improvement, but volumetric
progression [partial response (PR) based on a decrease in SUV .«
and SUV ean, progressive disease (PD) based on an increase in
FTV, and stable disease (SD) based on minimal change in TLF],
another patient showed SD, and the last patient demonstrated PD.
The median overall survival was 4 months (95% CI: 0-8.8 mo).

Conclusion: '""Lu-FAPI-2286 RLT was safe, well-tolerated, and
demonstrated disease stabilization in heavily pretreated sarcoma
patients. %®Ga-FAPI-46 PET/CT provides superior delineation of
FAP-rich tumor areas, but smaller tumor volumes compared with
I8F.FDG PET/CT. Prospective multicenter studies are warranted
to confirm these findings and optimize FAP-targeted theranostic
strategies in sarcoma.
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S arcomas are a heterogeneous group of malignant tumors
originating from mesenchymal tissues characterized by
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their aggressive behavior, high recurrence rates, and limited
response to conventional treatments, such as chemotherapy
and external radiotherapy. Despite advances in diagnostic
imaging and treatment strategies, the prognosis for high-
grade and metastatic sarcomas remains poor, necessitating
the development of novel and effective therapeutic
modalities. 12

Over the past few years, molecular theranostics, partic-
ularly fibroblast activation protein inhibitor (FAPI)-based
radiopharmaceuticals, have emerged as promising agents for
targeted imaging and therapy. Fibroblast activation protein
(FAP) is overexpressed in cancer-associated fibroblasts
(CAFs), which are highly expressed in the tumor micro-
environment of many epithelial tumors and certain mesen-
chymal malignancies, such as sarcomas.>8 This distinctive
feature has facilitated the creation of targeted inhibitors,
known as FAPI compounds, which can be radiolabeled with
diagnostic tracers, such as ®*Ga-FAPI-2286 and *™Tc-iFAP,
as well as therapeutic radionuclides, including '”’Lu-DOTA.
SA.FAPI, 2Ac-FAPI-46, 153Sm-FAPI-46, °°Y-FAPI-46, and
77Lu-FAPI-2286.°

Multiple generations of FAPI ligands have been
synthesized, each exhibiting distinct pharmacokinetic and
biochemical characteristics. To date, small-molecule
ligands, such as FAPI-02, FAPI-04, FAPI-34, FAPI-46,
and FAPI-74, as well as Ga-labeled FAP-2286, are
predominantly used for diagnostic imaging owing to their
high initial tumor uptake and rapid systemic clearance. In
contrast, peptide-based tracers, such as ”’Lu- or ?>>Ac-la-
beled FAP-2286, along with newer long-residence small-
molecule analogs, demonstrate enhanced tumor retention
and are therefore more suitable for therapeutic or
theranostic applications.!%15 In most sarcoma samples,
FAP expression has been observed in both stromal and
tumor (nonstromal) cell populations. Preliminary studies
have demonstrated favorable tumor uptake and rapid
background clearance of FAPI tracers in sarcoma patients,
highlighting FAPI as a compelling platform for theranostic
applications using !”7Lu-FAPI-2286 and 2**Ac-FAPI-46
radiopharmaceuticals.16-18

The present study was conducted to evaluate the
treatment efficacy and safety of '77Lu-FAPI-2286 in
patients with advanced metastatic sarcoma, and subse-
quently, to compare the diagnostic performance and
clinical efficacy of ®Ga-FAPI-46 with '3F-FDG PET/CT
in this patient cohort.

MATERIALS AND METHODS

Patients Population

This pilot study consisted of 6 patients, including 3
males and 3 females, with a median age of 29 years (range:
877 y old), who were diagnosed with histologically
confirmed sarcoma and referred to our theranostic innova-
tion center. All patients had previously received conven-
tional therapies, including surgery, chemotherapy, and
external radiotherapy; however, they exhibited disease
progression with metastatic lesions and treatment resist-
ance. The patients subsequently underwent °*Ga-FAPI-46
and '"®F-FDG PET/CT for further evaluation. All demon-
strated measurable disease on ®Ga-FAPI-46 imaging and
were referred for FAPI-based radionuclide therapy using
177Lu-FAPI-2286.

Inclusion criteria were as follows: (1) presence of
FAPI-avid lesions on FAPI PET imaging (SUV .« >3), (2)
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no contraindications to radionuclide therapy, which
included the following: serum creatinine levels
> 150 pmol/L; hemoglobin levels <8.0 g/dL; white blood
cell count <2.0x10°L; platelet count <50x10°/L; cardiac
insufficiency; and pregnancy or breastfeeding, and (3)
ECOG (Eastern Cooperative Oncology Group) perform-
ance status of 0-3. All study procedures adhered to the
ethical standards of the Declaration of Helsinki, with
written informed consent obtained from each patient. The
study protocol received approval from the local Institu-
tional Ethics Committee.

PET/CT Imaging

%8Ga-FAPI-46 and 'F-FDG PET/CT examinations
were conducted within a maximum of 5 days of each other,
with a median of 3 days (range: 1-5 d). Administered
activities were weight-based: ['*F]JFDG at 3.7 MBg/kg
(0. mCi/kg) and ©%Ga-FAPI at 1.8-2.2 MBg/kg
(0.05-0.06 mCi/kg). ®*Ga was eluted from commercially
available %Ge/°®Ga generators. The FAPI-46 kit was
likewise obtained from the same supplier.

No specific preparation, such as fasting or glucose
control, was acquired on the day of the ®Ga-FAPI-46 PET/
CT examination. In contrast, patients scheduled for
8F.FDG PET/CT were instructed to fast for a minimum
of 6 hours before imaging, and peripheral blood glucose
levels were confirmed to be within the normal physiological
range before tracer injection. Approximately 1 hour
following intravenous administration of either radiotracer,
whole-body PET/CT imaging was performed on a GE
Discovery 1Q system (GE Health care) in continuous bed
motion at a speed of 1.6-1.8 mm/s.

Low-dose CT images were acquired at 110 kVp tube
voltage, 80 mA tube current, and 2.5 mm slice thickness for
attenuation correction and anatomic localization. PET data
were reconstructed using ordered-subset expectation max-
imization (OSEM) with 2 iterations and 8 subsets,
incorporating 5 mm Gaussian postreconstruction filtering.
The reconstruction matrix size was 128x128, with a
corresponding voxel size of 4xX4X3 mm?. All reconstructed
PET and CT data sets were transferred to an Advantage
Workstation (AW 4.7, GE Health care), where they were
coregistered, fused, and reviewed for qualitative and
quantitative analysis.

Image Analysis

All BF-FDG and *®*Ga-FAPI-46 PET/CT images were
independently reviewed by 2 board-certified nuclear med-
icine physicians. For quantitative evaluation, all pathologic
lesions were segmented using 3D Slicer version 5.8.1 (http:/
www.slicer.org).!® Tumor delineation was performed with
the “PETTumorSegmentation” module within the “Seg-
ment Editor” followed by manual refinements as necessary
to ensure accuracy. This module employs a semiautomated
approach in which segmentation is formulated as a graph
optimization problem: a graph structure is generated
around a user-defined lesion seed point, and a cost
function, based on local image intensity statistics, guides
the segmentation process.

The LIFEx package (http://www.lifexsoft.org) was
used to obtain PET-derived quantitative parameters,
namely the glucose metabolic tumor volume (MTV) and
total lesion glycolysis (TLG) derived from '3F-FDG PET
and FAP expression tumor volume (FTV) and total lesion
FAP expression (TLF) derived from ¥Ga-FAPI-46 PET.20
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PET/CT DICOM images were imported into LIFEx
software, where SUV units and voxel dimensions were
verified for consistency. A spherical region of interest (ROI)
was placed in the normal right hepatic lobe to measure the
mean liver SUV. For each lesion, an initial volume of
interest (VOI) was manually delineated, after which a
predefined segmentation method, either 41% of the lesion
SUVax or an absolute SUV threshold, was applied to
generate the final lesion VOI. From the segmented VOlIs,
SUVnax and SUV pean values were subsequently recorded.

MTV and FTV were obtained by multiplying the
number of voxels within the segmented tumor by the voxel
volume (mL). TLG and TLF were calculated as the product
of MTV or FTV, respectively, and the corresponding
SUV pean for each tumor. The tumor-to-liver ratio (TLR)
was derived by dividing the lesion SUV,.« by the liver
SUV nean- All quantitative data were exported from LIFEx
for subsequent statistical analysis.

177Lu-FAPI-2286 Treatment Protocol

In each treatment cycle, an activity ranging from 3.7 to
7.4 GBq (100-200 mCi) of '"7Lu-FAPI-2286, diluted in
10 mL of normal saline, was intravenously administered
over 5-10 minutes. To ensure adequate hydration, 500 mL
of a balanced electrolyte solution was infused over 2 hours
following radiopharmaceutical administration. During
therapy, continuous monitoring of vital signs, including
blood pressure and heart rate, was performed, and all
observed symptoms were carefully recorded. The adminis-
tered dose was individualized when necessary, taking into
account not only the patient’s clinical status, hematological
profile, and renal function, but also patterns of tumor
distribution, including the intensity of FAP uptake and the
overall tumor burden, to optimize therapeutic effect while
minimizing organ at risk exposure. Each patient received a
minimum of 2 treatment cycles, with 6-to-8-week intervals
between administrations.

To evaluate the safety and potential toxicity of
177Lu-FAPI-2286, blood analyses were conducted monthly.
The laboratory assessments included hematological param-
eters, renal function (serum creatinine), and hepatic
function (aspartate aminotransferase and alanine amino-
transferase). Dose-limiting toxicity was defined as treat-
ment-related hematologic toxicity greater than grade 3 or
nonhematologic toxicity greater than grade 2. All inciden-
ces of hematologic, gastrointestinal, renal, hepatic, or other
adverse events were documented and toxicity grades were
assigned according to the Common Terminology Criteria
for Adverse Events (CTCAE), version 5.0.

The treatment was discontinued if lesions exhibited
absent or minimal radiotracer uptake on post-therapy
scintigraphy or during follow-up assessments with
%8Ga-FAPI-46 PET. Treatment was also terminated in
cases of severe hematological toxicity, cardiac complica-
tions, disease progression, as well as if the patient was
unable or unwilling to continue participation. The decision
to proceed with subsequent treatment cycles was made
following evaluation of the patient’s condition by a
multidisciplinary team.

177Lu-FAPI Scintigraphy and SPECT/CT Imaging
For the evaluation of radiotracer biodistribution,
whole-body scintigraphy was performed in all patients
~24 hours postinjection. In addition, SPECT/CT imaging
was acquired when clinically indicated or for more detailed
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lesion assessment at this time point. To facilitate compre-
hensive dosimetric calculations, serial post-treatment
whole-body scintigraphy was conducted in 3 patients at
~4-hour, 24-hours, and 48-hours following radiotracer
administration. The remaining 3 patients, due to their
compromised physical condition and inability to tolerate
multiple prolonged imaging sessions, underwent only a
single whole-body scan at 24 hours postinjection for
biodistribution assessment. Furthermore, in one specific
patient, SPECT/CT imaging was also performed to provide
a more comprehensive dosimetric evaluation. The serial
post-treatment whole-body scintigraphy and SPECT/CT
were performed exclusively at the first treatment cycle.
Imaging was conducted using a dual-head Symbia Intevo
gamma camera (Siemens Healthiness) equipped with a low-
energy, high-resolution (LEHR) collimator. The photopeak
energy was centered at 113 keV with a 20% energy window.

Dosimetry Calculations

Absorbed dose (AD) calculations for critical organs at
risk (OARs) were performed using 2 methodologies based
on post-treatment imaging acquired during the first therapy
cycle. For 3 patients, dosimetry was based on serial 2D
planar scintigraphy, where organ activities were quantified
using the conjugate-view method to generate time-activity
curves (TACs). ADs were then calculated using the MIRD
formalism with standard S-values.

For a more comprehensive, patient-specific assessment
in one patient, a hybrid 3D dosimetry approach was used.
This method utilized coregistered SPECT/CT data to
generate patient-specific activity and density maps. These
maps served as input for the GATE (Geant4 Application
for Tomographic Emission) Monte Carlo simulation plat-
form to calculate patient-specific S-values and generate
detailed 3D dose distributions with high statistical
precision?! (Fig. 1). A detailed description of the full
methodology, including SPECT/CT system calibration
according to MIRD/EANM guidelines, image quantifica-
tion techniques, and the complete workflows for both the
2D MIRD and 3D GATE-based calculations, is provided
in the Supplementary Material, Supplemental Digital
Content 1, http://links.lww.com/CNM/A607.

Response and Survival

This study included a relatively small and clinically
heterogeneous group of patients with an overall poor
prognosis. Not all participants underwent multimodal
imaging or comprehensive biochemical assessments based
on the treatment schedule. Therefore, individualized
evaluation of each patient’s therapeutic response was
conducted. Treatment response was primarily assessed
based on changes observed in post-treatment **Ga-FAPI-
46 PET/CT scans, compared with their respective pretreat-
ment baseline scan. According to the PET Response
Criteria in Solid Tumors (PERCIST), treatment outcomes
were categorized as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease
(PD). Disease control comprises: CR (complete disappear-
ance of all lesions with tracer uptake absent), PR (a
reduction of 30% or more in tracer uptake or in the tumor’s
PET volumetric parameter), SD (< *30% change in
uptake or PET tumor volume without the appearance of
new lesions), and PD (appearance of new lesions or a 30%
or greater increase in uptake or in the tumor’s PET
volumetric parameter).22
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FIGURE 1. Hybrid dosimetry workflow in this study.

Moreover, Eastern Cooperative Oncology Group
(ECOG) status performance was evaluated monthly for
estimating physical condition. The ECOG performance
status estimated the patients’ general condition in a scale of
0 (fully active) to 5 (dead). This evaluation was conducted
before each peptide receptor radionuclide therapy (PRRT)
cycle and during the follow-up visit to monitor any changes
in quality of life. Overall survival (OS) was determined as
the time from initiation of the first PRRT cycle to death or
the end of follow-up.

Statistical Analysis

Statistical significance was defined as a 2-tailed
P-value <0.05. Descriptive analyses were performed, with
continuous variables presented as median with range or
mean * SD, and categorical variables as frequencies and
percentages. For comparisons of paired non-normally
distributed quantitative data, the nonparametric Wilcoxon
signed-rank test was utilized. In addition, the Kaplan-Meier
test was used to obtain survival parameters. All statistical
analyses were conducted using SPSS software version 27
(IBM, USA).

RESULTS
Between September 2024 and April 2025, 6 patients
with metastatic advanced sarcoma, including 3 males and 3
females, with a median age of 29 years (range: 8-77 y), were
included in this study. Primary tumors were located in the
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skeleton (5 cases) and the lung (1 case). Among these
patients, 4 underwent chemotherapy and surgery, while 2
received chemotherapy, radiotherapy, and surgery. All 6
patients underwent pretreatment %Ga-FAPI-46 and
I8F-FDG PET/CT for metastatic disease evaluation. The
patients received a total of 16 cycles of !7’Lu-FAPI-2286
(median activity per cycle, 7.4 GBq; range: 3.7-7.4 GBq).
Patient characteristics are summarized in Table 1.

Comparative Results for Initial Assessment
Quantitative comparison between '8F-FDG and
%8Ga-FAPI-46 PET/CT across 6 patients demonstrated
differences in several imaging parameters (Table 2). The
average SUV .., was higher with ®®Ga-FAPI-46 compared
with 8F-FDG (3.4%1.4 vs. 3.0£0.5), indicating greater
average tracer uptake in lesions with FAPI, though this
difference was not statistically significant in this small
cohort (P>0.05). '8F-FDG demonstrated a higher mean
SUV hax than ®8Ga-FAPI-46 (46 = 52 vs. 21 £ 20). However,
this result was influenced by high variability and outlier
values, and the difference did not reach statistical signifi-
cance (P>0.05). MTV for ®F-FDG was substantially
larger than FTV for ®Ga-FAPI-46 (2490% 1657 vs.
1015+ 692 mL). Despite the notable numerical difference,
the statistical difference was not significant. TLG for '®F-
FDG was more than TLF for ®*Ga-FAPI-46 (9209 £ 6385
vs. 387114519), though this difference was also not
statistically significant (P>0.05). The mean TLR was
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comparable between the 2 tracers ('"8F-FDG: 42+ 58 vs.

= . . .
= Ec> — o < - - **Ga-FAPI-46: 37+17), with no statistically significant
5= difference observed (P >0.05).
n
Dosimetry
2l o o3 o o The ADs to the liver, spleen, kidneys, and red marrow
2~ s Z Z were 0.15, 0.06, 0.13, and 0.013 Gy/GBq, respectively, using
GATE simulations as presented in Table 3. Table 3 also
= shows that the mean absorbed doses obtained by serial
g2 planar imaging for 3 patients were 0.55 Gy/GBq for the
S 2 en SRR o IS\ : :
s kidneys, 0.07 Gy/GBq for the liver, and 0.025 Gy/GBq for
= the spleen. Mean values for the ADs in these organs
reported by other related studies are also shown for
- comparison. 1323
=
L
E _ s o Response Assessment
§ 5 838 & S Before treatment initiation, the ECOG performance
=2 s 5 & . i i . i i i
| 5 55528 s 35 status was 3 in S5 patients and 2 in 1 patient. This
RS 5388 3 3 performance status remained unchanged in 5 patients
R S5 T 5 throughout the study. Notably, one patient (patient
&l S 5586 5 No. 4) experienced an improvement in ECOG performance

status from 3 to 1.

Due to disease progression, 3 patients died during the
treatment period and therefore did not undergo follow-up
%8Ga-FAPI PET/CT scans. Consequently, only 3 patients
were evaluable for post-treatment imaging assessment.
Quantitative parameters derived from the follow-up
%8Ga-FAPI PET/CT scans were used to assess treatment
response. On the basis of SUV ., 2 patients demonstrated
SD, and one patient showed PR. When evaluating SUV ,can
and FTV, the patients showed mixed response including
PD, SD, and PR. On the basis of the TLF parameter, 2
patients exhibited SD, and 1 patient showed PD (Table 4).
Of the 6 patients evaluated, only one remained alive at the
time of analysis. Kaplan-Meier survival analysis estimated
the median overall survival (OS) to be 4 months, with a
95% CI of 0-8.8 months.

The FAPI-based radionuclide therapy demonstrated a
favorable safety profile. No grade >3 treatment-related
toxicities were observed in any of the treated patients. Low-
grade hematological adverse events were reported, includ-
ing grade 2 leukopenia in one patient, grade 1 anemia in 2
patients, and grade 1 thrombocytopenia in 1 patient.
Figures 2 and 3 present the results in 2 sarcoma patients
who underwent RLT.

Sites of Metastasis
lesions involving C1, T3, T5, T12, the sternum, sacrum,

right and left iliac bones, and the right femur
involvement, and a right paravertebral lesion at the T9

level
Bilateral lung nodules, lesions in the right Ist, 5th, and 6th Chemo/surgery/

ribs, right-sided of neck, right supraclavicular and
infraclavicular regions and chest wall involvement
supraclavicular regions, lateral chest wall, right breast,
and right lung

Bilateral lung nodules, lesion in the left liver lobe, brain
Lesions in the right posterior neck and right

Pulmonary nodules, mediastinal lymph nodes, skeletal

liver

Primary Site
Left femur
Right femur
Lung
Right leg
Right
shoulder
Right
shoulder

DISCUSSION

Sarcomas often present at an advanced stage, with
limited treatment options and a poor prognosis. Recent
interest has focused on FAP-targeted theranostics, given
the prevalent expression of FAP in both sarcoma stroma
and tumor cells.2* FAPI-based PET/CT imaging has
demonstrated high uptake in sarcomas, especially in
lower-grade subtypes, and can identify patients eligible
for FAP-directed therapy. However, data on FAP-targeted
radionuclide therapy in sarcoma remain scarce. To date,
only limited case series have evaluated various FAP ligands
in sarcoma. For example, *°Y-FAPI-46 RLT achieved
disease stabilization in some refractory sarcoma patients,
and '"7Lu-FAPI-2286 has recently been reported to induce
substantial tumor volume reduction and symptom relief in
a small prospective sarcoma cohort.!l:13 Nonetheless,
comprehensive comparisons of FAPI versus FDG imaging
and systematic evaluation of '”’Lu-FAPI-2286 in sarcoma
— A en < " © remain lacking. This study addresses these gaps by

Pathologic Diagnosis

Ewing sarcoma

Chondrosarcoma

Alveolar soft part
sarcoma
sarcoma

F
77 M  High grade spindle cell

8 M Ewing sarcoma
43 M Chondrosarcoma

15
40 F
29 F

TABLE 1. Patient Characteristics

Patient No. Age Sex

Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved. www.nuclearmed.com | e743
Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.



Jokar et al

Clinical Nuclear Medicine * Volume 51, Number 9, September 2026

TABLE 2. Comparison of Quantitative Metrics of Lesion Uptake Between [¢8Ga]Ga-FAPI-46 and ['8F]FDG in Sarcoma Patients

SUV mean SUVpax  MTV and FTV Tot (mL)  TLG and TLF Tot  TLR (SUV,0/SUVinean liver)

Patient No FDG FAPI FDG FAPI FDG FAPI FDG FAPI FDG FAPI

1 3.8 15 172 54 1283 1132 4931 1747 14.7 36

2 33 38 155 229 1631 419 6520 1501 17.2 232

3 3.1 5.8 143 19.2 2289 118 8588 672 160 10.2

4 28 26 274 85 5518 1404 20,037 3674 12.8 51

5 2.1 2.9 69 105 1099 972 2318 2810 7.8 55.4

6 29 39 668 594 3121 2046 12,865 12,823 39.3 45.7
Mean+SD 3%0.5 34%1.4 4652 21+£20 2490+1657 1015£692 9209+6385 3871+4519  42+58 37417

SUV ean indicates mean standardized uptake value; SUV ., maximum standardized uptake value; MTV, metabolic tumor volume and FTV, FAPI tumor
volume in mL; TLG, total lesion glycolysis; TLF, total lesion FAPI; TLR, tumor-to-liver ratio.

combining quantitative image analyses with preliminary
therapy outcomes.

In our series, all 6 patients with advanced sarcoma
underwent both %Ga-FAPI-46 and '®F-FDG PET/CT
before !7’Lu-FAPI-2286 therapy. Imaging findings revealed
that FAPI-46 produced a higher SUV c., than FDG (mean
SUVinean 341 1.4 vs. 3£0.5, P>0.05), although '®*F-FDG
demonstrated a higher mean SUV ., than *®Ga-FAPI-46
(46 =52 vs. 21 £20). This suggests more homogeneous or
diffuse tracer accumulation with FAPI, likely reflecting
binding to abundant CAFs within sarcoma lesions.10.25

Notably, MTVs measured by FDG were larger than
FAPI-defined volumes (MTV_FDG 2490+ 1657 mL vs.
FTV_FAPI 1015+ 692, P>0.05), and TLG was similarly
greater on FDG (9209 = 6385 vs. 3871 +4519, P>0.05).
Essentially, FDG identified a larger burden of metabol-
ically active tumors, whereas FAPI uptake was confined to
regions of high stromal FAP expression. This finding
mirrors prior reports, in which FAPI imaging often
highlights fibrous tumor components and may under-
estimate overall tumor volume relative to FDG.!!

For example, Pang et al,!5 reported that ®Ga-FAP-
2286 detected nearly all primary and metastatic lesions with
higher SUV and contrast than FDG in diverse cancers.
Similarly, Lanzafame et al? observed superior detection of
low-grade sarcomas with FAPI PET compared with FDG.
Our data complement these studies by quantifying the
imaging differences in sarcoma demonstrating that FAPI
provides excellent delineation of FAP-rich lesions, albeit
capturing a smaller tumor volume than FDG.

Importantly, the TLR of FAPI versus FDG did not
differ significantly in this small cohort (TLR 42+ 58 vs.
37+ 17), suggesting overall comparable lesion contrast.
This underscores that while FAPI may be more sensitive for
certain sites (eg, fibrotic metastases), FDG still detects

additional lesions or metabolically active regions in
heterogeneous sarcomas. These findings are in line with
previous reports demonstrating that FAPI tracers prefer-
entially target FAP-expressing tumor stroma, resulting in
lower background uptake.

Sarcomas represent a heterogeneous group of malig-
nant neoplasms that remain challenging to diagnose and
treat because of their low incidence, biological complexity,
and diverse histologic subtypes.# Clinically, we observed
disease stabilization but no objective remissions following
up to 4 cycles of '77Lu-FAPI-2286. Among the 6 patients
enrolled in this study, 3 patients died during the treatment
period due to disease progression and therefore did not
undergo follow-up %8Ga-FAPI PET/CT. Among the 3 cases
highlighted in detail, one patient showed a mixed response
pattern with metabolic improvement but volumetric pro-
gression (PR based on a decrease in SUV ., and SUV cap,
PD based on an increase in FTV, and SD based on minimal
change in TLF). Another patient showed SD, and the last
patient demonstrated PD. Across all 6 patients (3 of whom
completed post-treatment scans), no CRs were confirmed
according to RECIST criteria. This outcome is broadly in
line with other early FAPI RLT reports. Fendler et alll
treated 21 patients (mostly sarcomas) with *°Y-FAPI-46,
finding only one partial response and approximately one-
third of patients achieving SD. In Banihashemian et all6
recent 8-patient prospective trial of '7"Lu-FAPI-2286 in
sarcoma, more notable tumor shrinkage was observed
(mean primary volume decreased by 52%), although their
patients received 4 cycles over a longer period.

Our findings of smaller-volume disease control and
mix response pattern underscore the complex, heteroge-
neous biology of sarcoma, in which lesions may exhibit
variable FAP expression and radiosensitivity, leading to
mixed intrapatient responses. Importantly, the 2 patients

TABLE 3. Absorbed Doses (ADs) of [77Lu]Lu-FAPI-2286 in Patients With Progressive Sarcoma (Gy/GBq) Compared With Previous

Studies
Liver spleen Kidneys Red Marrow
This study
GATE simulation* 0.15 0.06 0.13 0.013
Planart method 0.07 0.025 0.55 i
Baum et all3 0.07+0.02 0.07+0.02 1£0.6 0.05+0.02
Ballal et al?3 0.115%0.009 0.00339 £0.00022 0.618 £0.015 0.000984 = 0.000258

*Obtained for one patient.
tObtained for 3 patients (mean values).
1No calculation.
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§ who achieved SD in Banihashemian study reported clinical
% benefit, including pain reduction and improved function,
& 9)8@ suggesting symptomatic impact even in the absence of
- dramatic imaging responses.!!:13 This heterogeneity prob-
=) > ably reflects a combination of factors, including biological
El 8- variability (heterogeneous FAP expression across histologic
ol Z § TT& subtypes and within lesions), prior treatment effects on the
Q a £ tumor microenvironment (surgery, chemotherapy, and
a ; A radiotherapy), and pharmacokinetic differences of the
< ﬁ I radioligand within individual tumors.
= IS Kratochwil et al,!0 in a therapeutic report using
= <|~"= 153Sm-FAPI-46, demonstrated the feasibility of FAP-
< A .targeted RLT in sarcoma metastases and provided early
= SISz indications of tumor control in select lesions, but also
£ g~ highlighted the need to tailor radioisotope selection, do§ing,
= glnan and supportive care. They have aiso illustrated \_/ariable
% Kl An A~ lesion-level responses and underlined that radiotracer
£ _ uptake alone does not always predict volumetric or clinical
§ s benefit. Therefore, an integrative response assessment using
= =] I metabolic parameters (eg, TLG and TLF), volumetric
gsla § RE metrics (MTV/FTV), and clinical endpoints is recom-
<|E|l & mended to comprehensively evaluate therapeutic efficacy.
Tl A The higher SUV ., values and lower volumetric
o =1 . ~ao measurements observed with FAPI imaging may allow
S S| 78 more precise lesion delineation and improved planning of
A < T~ RLT, particularly in tumors with heterogeneous stroma or
2 lawaw high fibrosis content. Furthermore, patient-specific varia-
g S22 bility in both metabolic response and AD emphasizes the
& R importance of personalized dosimetry for optimizing
g 2 therapeutic outcomes, as previously suggested by Kratoch-
S § wil et al® and Ballal et al.23 These mixed outcomes are
8 AR ay= expected in a heavily pretreated sarcoma population and
w K| A A are consistent with previous small cohorts and case series,
2 3 in which objective metabolic or clinical benefits were
2 < observed in some patients but not uniformly across a
o § gl s diverse histologic subtype.10.26
"'c’ E| §| " ~ The ECOG performance status of the patients in our
o % =] cohort before treatment initiation reflected the advanced
.% w| ! stage of their disease, with 5 patients presenting with a
g 5| o < o status of 3 and one with a status of 2. Encouragingly, for
= i — i the majority of patients (5 out of 6), the performance status
\v? o g remained stable throughout the study, suggesting that
2 Elnea| 2 17_7Lu-FAPI-228§ therapy was generally well-tolerated and
'-'-“.’ 2| aa ; did not lead to significant functional decline. Furthermore,
O 2 the observed improvement in ECOG performance status
g Z 4 from 3 to 1 in one patient (patient no. 4) is a noteworthy
8. = a finding, potentially indicating a positive impact of the
5 g:* oL g therapy on disease burden or associated symptoms, which
9 g warrants further investigation in larger cohorts.
'% g § The survival outcomes in our cohort were unfortu-
z Ll g oo | E nzitely hmited, with only one of the.6 patients remaining
< gl 5|7~ | & alive at the time of analysis. The estimated median OS of
I i~ 4 months (95% CI: 0-8.8 mo) reflects the advanced and
b= 8 E ‘;} refractory nature of sarcomas in this patient group. This
S S finding is consistent with the generally poor prognosis
9 g b associated with advanced metastatic sarcomas, particularly
2 < N "E‘ after exhaustion of conventional treatment options, where
8 @ 8 median survival rates can be as low as 1.3 years from
5 £ DDA I diagnosis of stage IV disease.l® Other studies utilizing
€ =] - = FAPI-targeted RLT have also reported challenging survival
S S § data in heavily pretreated patient populaitions. For
< Z g instance, Fendler et alll reported a median OS of
w ‘g A 10.0 months in their cohort, though this included patienis
2 < &~ with various cancer types and a median of 4 prior systemic
[ Al —<n therapy lines. Similarly, Assadi et all2 found a median OS
Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved. www.nuclearmed.com | e745
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FIGURE 2. A 15-year-old girl with progressive Ewing sarcoma with prior history of surgery and chemotherapy underwent [¢8Ga]
Ga-FAPI-46 (A) and ['8F]FDG PET/CT (B). The scans revealed radiotracers uptake in the skeleton, lymph nodes, and pulmonary with
FDG revealing significantly more conspicuous uptake and more sites of involvement. The patient underwent 3 cycles of ['77Lu]Lu-FAPI-
2286 therapy, which were well tolerated with minimal of toxicity (C: post cycle 1 ['77Lu]Lu-FAPI-2286 scintigraphy, D: post cycle 3
['77Lu]Lu-FAPI-2286 scintigraphy). Follow-up [68Ga]Ga-FAPI-46 (E) showed an overall favorable response to therapy, revealing interval
resolution of previously seen FAPI-positive right parapharyngeal lymphadenopathy and a decrease in FAPl-avidity of previously seen
pulmonary nodules and skeletal lesions. However, follow-up ['8F]FDG PET/CT (F) obtained 4 months later indicates progressive disease,
revealing interval development of new or increase in extension and metabolic activity of previously seen metastatic skeletal lesions, as
well as interval increase in extension and metabolic activity of the left tibial primary tumor. In addition, there was interval development
of new or an increase in size and metabolic activity of previously seen lymph nodes and pulmonary nodules compatible with progressive

metastatic involvement.

from the start of treatment of 4.0 months in their study. It is
important to note that the limited number of patients and
the advanced disease stage likely contributed to these
survival statistics

In our cohort, no patient experienced grade >3
toxicity. Specifically, one patient developed grade 2
leukopenia, while 2 patients experienced grade 1 anemia,
and one patient had grade 1 thrombocytopenia. The
hematologic and renal profiles were otherwise stable across
the cohort. Hence, '7’Lu-FAPI-2286 was well tolerated,
consistent with Baum et al!3 report of no grade >4 events in
multitumor therapy and contrasting favorably with higher
toxicity rates reported for *°Y-FAPI-46 (38% grade 34,
mostly cytopenia).!l The overall safety profile suggests that
177Lu-FAPI-2286 can be administered at multi-GBq doses
without major acute toxicity.

The dosimetry analysis demonstrated that
77Lu-FAPI-2286 delivered moderate ADs to critical
organs. In our patient where SPECT/CT-based dosimetry
was performed, ADs per administered activity were
0.15 Gy/GBq for the liver, 0.06 Gy/GBq for the spleen,
0.13 Gy/GBq for the kidneys, and only 0.013 Gy/GBq for
the bone marrow (Table 3). These findings are broadly

e746 | www.nuclearmed.com

consistent with previously published human studies of
177Lu-FAP-2286. For instance, Baum et all3 reported
whole-body effective dose of ~0.07 Gy/GBq and kidney
dose ~1 Gy/GBq in solid tumors. Likewise, Fendler et alll
observed mean bone marrow dose ~0.04 Gy/GBq and
kidney dose ~0.53 Gy/GBq using *°Y-FAPI-46. Notably,
our marrow dose was even lower, indicating a favorable
therapeutic index. The close agreement with the literature
confirms the robustness of our MC-based dosimetry
framework. From a therapeutic planning perspective, the
relatively low kidney and marrow ADs suggest that higher
administered activities might be tolerated with appropriate
patient selection.

The ongoing LUMIERE phase I/Il prospective
clinical trial evaluated the safety, dosimetry, pharmaco-
kinetics, and preliminary antitumor efficacy of '"’Lu-
FAPI-2286 in 11 patients with metastatic solid tumors.
Importantly, no grade 3-4 toxicities or significant
laboratory abnormalities were observed, underscoring
the favorable safety profile of this agent. Among the
treated patients, one achieved SD, while another demon-
strated partial response, providing early clinical evidence
of therapeutic activity.2”
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[**F]F-FDG

[*3GalGa-FAPI

[Y"7Lu]Lu-FAPI
First cycle

[*77Lu]Lu-FAPI

[53Ga]Ga-FAPI
Third Cycle :

FIGURE 3. Imaging and therapeutic response in a 29-year-old woman with metastatic alveolar soft part sarcoma of the right leg, with a
history of surgery and chemoradiation. Baseline '8F-FDG (A) and ®8Ga-FAPI-46 (B) PET/CT scans for metastatic evaluation revealed
widespread involvement, including lesions in the medial aspect of the right upper thigh (consistent with primary malignancy), lungs,
mediastinal lymph nodes, liver, brain, and the right paravertebral region at T9. Notably, 8Ga-FAPI PET/CT provided superior
visualization of brain and liver metastases compared with '8F-FDG. The patient subsequently received 3 cycles of '77Lu-FAPI-2286
therapy, each at a dose of 7.4 GBq. 4-hours post-treatment imaging is shown (C, D). Follow-up %8Ga-FAPI PET/CT (E) demonstrated a
favorable response to treatment, evidenced by a decrease in FAPI PET-derived parameters (baseline vs. follow-up: SUVmax: 8.5 vs. 7.8;
SUVmean: 2.6 vs. 2.4; FTV: 1404 vs. 1272; TLF: 3674 vs. 3092) and an overall decline in tracer uptake across all previously identified
lesions. However, this favorable tumor response was accompanied by an interval increase in left pleural effusion and the development of

a new left pleural effusion.

The recent systematic review2® aggregates data from
multiple studies and case reports, concluding that while the
diagnostic performance of FAPI PET is well established,
therapeutic evidence remains preliminary and heterogene-
ous. This mirrors our experience and points to the urgent
need for standardized prospective trials. In comparison
studies, reported ADs to the kidneys were collectively
referred to as “kidneys,”13:23 without specifying values for
the left and right kidneys separately. Notably, in our
cohort, the left kidney received the highest AD
among OARs.

Overall, these findings support '7’Lu-FAPI-2286 as a
feasible theranostic agent in sarcoma. FAPI imaging
effectively identified targetable lesions often demonstrating
higher uptake than FDG in low-grade tumors, and
subsequent ['77Lu]-based therapy achieved disease stabili-
zation in selected patients with advanced, refractory
disease. Compared with prior reports, our study indicates
that FAPI RLT tends to stabilize rather than dramatically
shrink sarcoma tumors, reflecting the intrinsic radioresist-
ance and biological heterogeneity of these tumors. The
observed discrepancy between FDG-derived and FAPI-
derived metrics highlights that while FAPI may under-
estimate tumor aggressiveness captured by FDG, the 2

Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.

tracers likely play complementary roles in patient selection
and treatment response assessment.

For instance, lesions with high FDG but low FAPI
uptake may derive limited benefit from FAPI-RLT,
whereas FAPI PET excels in delineating fibrotic or slow-
growing lesions (eg, solitary fibrous tumor, undifferentiated
pleomorphic sarcoma) that are FDG-avid and FAP-rich.
Consequently, future treatment protocols may benefit from
integrating FDG and FAPI imaging to better tailor patient
selection and therapeutic strategies.

Moreover, our findings further elucidate the pharma-
cologic and dosimetric profile of '7’Lu-FAPI-2286. Impor-
tantly, the organ-ADs were comparable to those reported
in nonsarcoma populations, suggesting that sarcoma
histology does not substantially alter biodistribution.
Taken together, the therapy’s favorable safety profile,
precise tumor targeting, and consistent imaging—dosimetry
correlation highlights its clinical promise and novelty in the
management of advanced sarcoma.

Our study is limited by the small sample size, hetero-
geneous prior treatments histories, incomplete post-therapy
imaging (available for only 3 of 6 patients), and a relatively
short follow-up period. The median follow-up of 12 months
may not adequately capture long-term survival outcomes or

www.nuclearmed.com | €747
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late-onset toxicities. These limitations reduce statistical
power and preclude definitive conclusions regarding ther-
apeutic efficacy. Furthermore, the quantification of hetero-
geneous lesions using PET imaging carries inherent uncer-
tainty, and no biopsy to confirmation of FAP expression
levels was conducted. From a dosimetric perspective, a
hybrid imaging-based dosimetry approach was completed
for only one patient, which restricts the generalizability of the
AD assessment and no tumor dosimetry was performed.
Future investigations involving larger, more homoge-
neous cohorts, standardized post-treatment imaging,
extended follow-up, and comprehensive dosimetric evalua-
tion are necessary to validate these preliminary findings and
to define optimal activity levels and treatment intervals.
Combining '"7Lu-FAPI therapy with other systemic or
targeted therapies may further enhance therapeutic out-
comes, particularly among patients with refractory sarcoma.

CONCLUSION

This study provides clinical evidence supporting the
feasibility of '77Lu-FAP-2286 therapy in patients with
advanced sarcoma. '"’Lu-FAPI-2286 therapy appears to be
safe and potentially effective in this patient population.
%8Ga-FAPI-46 PET/CT provides superior delineation of
FAP-rich tumor areas but smaller tumor volumes com-
pared with '8F-FDG PET/CT. These findings provide
preliminary clinical validation of FAPI-based RLT in
sarcoma and underscore the need for further investigation.
Larger prospective trials are warranted to confirm these
results, optimize patient selection criteria, and explore
combination treatment strategies to fully realize the
potential of FAP-targeted therapy in sarcoma.
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